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Abstract 
An optimal drift design model for the steel moment frames under the seismic load is presented. The objective 
function of the proposed drift design model is to minimize the differences of the inter-story drifts so that the inter-
story drifts of the structure could be reduced. This model uses a constraint condition not to change the weight of the 
structure before and after the application of the presented method. This method resizes all or partial structural 
members consisting of the structure according to the values of displacement participation factors of the corresponding 
member. The efficiency of this algorithm is demonstrated by the application to a 3-story steel moment frame. It is 
concluded that the proposed method can determine the sectional properties of structural members to reduce the inter-
story drifts of the structure without the iterative structural analysis. 
Keywords: Resizing algorithm; Drift design; Inter-story drift; Steel moment frame. 
a Presenter: Email: watercloud@yonsei.ac.kr 
1877–7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.07.040
Procedia Engineering 14 (2011) 325–328
Open access under CC BY-NC-ND license.
326  Se Woon Choi and Hyo Seon Park / Procedia Engineering 14 (2011) 325–328
1. INTRODUCTION
The earthquake is the uncommon natural phenomenon. However, if a strong earthquake occurs, there 
can be enormous damage. Because it could not only bring about the primary damages caused by such as a 
building destruction, but also lead to secondary damages like the delay of restoration and infectious 
diseases caused by the destruction of public facilities such as hospitals and roads. For example, in the 
recent case of the Haiti earthquake (2010), the number of human death reached 3,000,000 and because the 
restoration was delayed due to destruction of major facilities like public offices and roads, and then as 
time went by, the damage was increased. Therefore an interest in the seismic design of the structures is 
increasing.
The seismic design in the several standards and codes allows the ductile behaviors of structures 
because of economics. In other words, it reduces the strength of a earthquake through response 
modification factor and ensures the ductile capacity through the detail of connections. For those reasons, 
the seismic design needs to evaluate and design the ductile capacity of structures through the nonlinear 
analysis. However, there are many difficulties in application to practical use, for the nonlinear analysis is 
complicated and time consuming. So now in practical use, the process of a seismic design based on the 
results of the linear analysis is generally chosen.  
The moment resisting frame is the structural system consisting of beams and columns, that their joints 
are rigidly connected. It is one of the earthquake resisting building system which is used widely most in 
low/mid-rise buildings because of the advantages such as diversity of building design due to formative 
simplicity and high ductility (Bruneau et al., 1998). The inter-story drift constraint of system levels rather 
than strength of element levels works as a governing design factor in a seismic design process of the 
moment resisting frame (Foutch and Yun, 2002; Liu, 2003). However, because the inter-story drifts are 
determined considering effects of all elements consisting of a structure, to control the inter-story drifts 
effectively is difficult. In the practical use, it is generally checked by the method of trial and error 
depending on engineer’s experiences. Due to this problem, many methods on the optimal drift design for 
the building have been proposed (Baker, 1990; Chan, 1992; Seo et al., 2008). 
This study proposes the method that reduces the inter-story drifts of steel moment frames without the 
change of the total structural weight. This method reduces the inter-story drifts of it through resizing the 
all or partial elements consisting of it. The static linear analysis using equivalent static seismic load, 
considered widely in practical seismic design process, also is used to calculate the inter-story drifts of a 
building. The proposed method is applied to the 3-story example to verify the applicability and efficiency 
of the proposed method. 
2. FORMULATIONS 
The proposed method in this study uses the formulations such like Eq. (1) and (2) to reduce the inter-
story drifts of a building. Because the building damage by a earthquake is closely associated with the 
inter-story drifts of a building developed by a earthquake, the technique of reducing the inter-story drifts 
of a building is important. It is widely known that the building deformed uniformly is less damaged than 
others (Xu et al., 2006). Eq. (1) means to minimize the difference of the inter-story drifts of the structure. 
The inter-story drifts of the structure are determined after calculating the displacement participation factor 
of each elements consisting of the structure using the unit load method. Eq. (2) means to maintain the 
total structural weight of the structure before and after the application of the proposed method. The 
proposed method is to resize the sectional area of elements based on the modification factor of the 
corresponding element. The modification factor of each element is calculated by Eq. (3), which is 
determined by taking a derivative of it after transforming Eq. (1) and (3) into the unconstrained 
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optimization problem using the Lagrange multiplier. Using the modification factors calculated by Eq. (3), 
the inter-story drifts can be reduced without the iterative calculation.  
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Where, j,interstory'  and mean interstoryP  indicate the inter-story drift of 
j th story and the average inter-
story drift of the structure, respectively. iU , iA , il , iE  mean the density, sectional area, length, 
modification factor of i th element, in tern. m and n  are the number of story of the structure and the 
number of element consisting of the structure, respectively.  
3. APPLICATIONS 
Figure 1: Elevation of example used in this paper 
The example used by Hasan et al. (2002), Gupta and Krawinkler (1999) is applied to demonstrate the 
applicability and efficiency of the proposed method. Figure 1 indicates the elevation of the example. It is 
assumed that this structure is located in Los Angeles, U.S.A. The soil class, Seismic Use Group and 
Seismic Design Category are assumed to be D (Stiff Soil), II and E, respectively. For more information of 
the design on the example, see Gupta and Krawinkler (1999). The equivalent static seismic load is used to 
calculate the inter-story drift of the structure.  
The structural weight, base shear and period of the initial design are 413.42kN, 1645.62kN and 0.95sec, 
respectively. The max and average inter-story drift ratios of it are 1.70%, 1.48%. Meanwhile, those of the 
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design redesigned by the proposed method are 419.20kN, 1766.12kN and 0.91sec. The increasing amount 
is 1.40%. The structural weight of modified design unavoidably increased due to the discrete property of 
W-shape. The max and average inter-story drift ratios of it are 1.60%, 1.39%. It is confirmed that the 
inter-story drift of the structure is reduced. 
4. CONCLUSIONS 
It was proposed the optimal drift design model to reduce the inter-story drifts of steel moment frame 
subjected to seismic load using the resizing method. The method efficiently redesigns the elements of the 
structure based on the displacement participant factor of the corresponding element calculated by the unit 
load method without the iterative structural analysis and the change of the structural weight. The 
proposed method was applied to the 3-story example to verify the application and efficiency of the 
proposed method. The equivalent static seismic load was considered to calculate the inter-story drifts of 
the structure. The inter-story drifts of the initial design structure was compared with the one modified by 
the proposed method. The inter-story drift of the example was reduced by the proposed method. However, 
it needs to carry the further studies on the ductile behaviors of the design redesigned by this method using 
the non-linear analysis. 
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